The aim of this study was to examine the efficacy glutamine ingestion on basketball players power performance. Forty men of a university basketball team (20.4 ± 1.6 years; height: 188.6 ± 8.7 cm; body mass: 76.5 ± 7.9 kg) volunteered for this study. Subjects participated in four trials, each consisting of a 40-min basketball game with controlled time-outs for rehydration. During the FS (first trial), subjects were not allowed to rehydrate, and the total weight lost during the contest was used to determine fluid replenishment. During one trial subjects consumed only W (water), while during the other two trials subjects consumed the glutamine supplement mixed in water using either a low dose (1 g per 500 ml) (G1) or high dose (2 g per 500 ml) (G2). A 14.6% difference in basketball shooting performance was shown between FS and G1, and there was significant difference between FS and G1 for shooting performance at P < 0.05. There was no significant difference in vertical jump power during any trial. Glutamine had significant effects on the reaction time at 5% probability level. It concluded that the test should be performed by different doses of the glutamine on the different sport team of men and women.
Introduction 
Glutamine is non-essential amino acid. In humans, glutamine is the most abundant amino acid in the body that is found in all tissues in the body such as plasma, with the largest storage area in skeletal muscle. The resting level of glutamine in the plasma has been reported to range between 550 and 750 μmol•L -1 , while glutamine concentrations within skeletal muscle is approximately 20 mmol•kg -1 wet weight. There is glutamine in many physiologic functions including cellular proliferation, acid-base balance, transport of ammonia between tissues, and antioxidant synthesis [1] [2] [3] . Glutamine supplementation stimulates an increase in protein synthesis in the muscle, improves glycogen re-synthesis and can lead to an improvement in performance [4, 5] . Glutamine has been shown to increase fluid and electrolyte absorption in both animal and human models [6] . Recently, consumption of an alanine-glutamine dipeptide was reported to enhance fluid uptake and reduce the magnitude of performance decrement during exercise to exhaustion under hypohydrated conditions [5] . Furthermore, the alanine-glutamine dipeptide was shown to be significantly more effective than water alone. This has important implications during athletic performance, where dehydration can play an important role in the outcome of a contest. For instance, a significant performance decrement has been shown with hypohydration levels of only 2% in basketball players [7, 8] . Nearly half of professional basketball players evaluated pervious to competitive games were found to be dehydrated prior to the onset of a basketball game, and that fluid intake during the games was not able to compensate for the pregame hypohydration [9] . If the body is lacking sufficient levels of amino acids, both pre-and post-exercise, the result may be negative protein balance, leading to detrimental side-effects such as muscle wasting and delayed exercise recovery [10] . It is essential that athletes consume sufficient amounts of supplementation while appropriately timing their supplementation consumption in order to experience a positive nitrogen balance and eventual muscle hypertrophy [11, 12] . A lot of athletes and exercisers have turned to protein supplements to meet these excess demands on the body. Many studies have been performed proving the positive impact of protein consumption pre-and post-exercise [13] [14] [15] [16] [17] . The ISSN (International Society of Sports Nutrition) [11] position stand on protein and exercise further documents the benefit of protein consumption pre-and post-exercise. In addition to timing, type of supplementation consumed has been shown to affect the overall benefits experienced by athletes and measured by researchers [11, 18] . Basketball has been described as an intermittent sport, being physically very demanding, requiring players to frequently repeat bouts of intense actions (sprinting, shuffling, jumping) with jogging, walking or short periods of recovery [19] . In order to play successfully, basketball players must be physically well prepared by having optimally developed levels of explosive power, agility, anaerobic power and anaerobic capacities [20] [21] [22] . In basketball, there are a lot of factors that influence the chance to reach an optimal performance [23] . Until now, by describing different physical, physiological and functional characteristics in the basketball players, it has been afforded importance to the energetic demands that are going to increase performance [24] . To determine if any one supplementation type is more beneficial than another or how many doses of them has the best effect on the athletics body and performance, more studies should be performed. So the purpose of this study was to investigate the efficacy of two different doses (1 g per 500 ml and 2 g per 500 ml) of glutamine on basketball performance, including jump power, reaction time and shooting ability during a basketball game.
Materials and Methods

Participants
Forty men volunteered for this study (20.4 ± 1.6 years old; height: 188.6 ± 8.7 cm; body mass: 76.5 ± 7.9 kg; Body fat: 12.21± 1.2 %). All players had played at national level and they had to play at least 16 games and at least 10 minutes per game in order to be included in the research. All of them were healthy without any history of neuromuscular diseases or reported injury in the previous six months. The subjects were allowed to consume a light meal, vegetables such as tomato and cucumber and chicken at least three hours prior the beginning of the testing sessions and it was the same for all testing sessions. Following an explanation of all procedures, risks, and benefits, each subject gave his informed consent to participate in this study. Subjects were not permitted to use any additional nutritional supplementation during the course of the study. All subjects were selected athletes playing for the University's men's basketball team.
Research Design
The 40 players were randomly assigned to FS (During the first session) (n = 10), W (Only water consumption) (n = 10), G1 (1 gr/500 ml water concentration of glutamine/daily) (n = 10) and G2 (2gr/500 ml water concentration of Glutamine/daily) (n = 10). The groups were exposed to a pre-test and six weeks later to a post-test testing session. All players in the same group were tested on the same day. All subjects were asked to follow their normal diet for the duration of the study.
Experimental Procedures
Subjects were divided into two equally talented teams as determined by the team's player captains. The team members remained the same for each game. Prior to each testing session, all subjects performed a 10-min dynamic warm-up. This warm-up was the same warm-up these athletes performed prior to every game during the competitive season. Following the warm-up, subjects performed power, reaction and basketball shooting assessments. All testing sessions were supervised by certified strength and conditioning specialists. At the conclusion of the basketball game and final hydration intake, subjects performed all performance measures. Order of performance testing was performed in a randomized fashion for both pre-game and postgame assessments. Test-retest reliabilities for all assessments were R > 0.90. To quantify vertical jump power, subjects performed five consecutive countermovement jumps. During each jump, subjects stood with their hands on their waist at all times. The subjects were instructed to maximize the height of each jump while minimizing the contact time with the ground between jumps. During each jump, the subject wore a belt connected to a Tendo™ Power Output Unit (Tendo Sports Machines, Trencin, Slovak Republic). The Tendo™ unit consists of a transducer attached to the end of the belt which measured linear displacement and time. Subsequently, the velocity of each jump was calculated and power determined. The average peak and mean power outputs for all five jumps were recorded. Lower body reaction time was measured with a 20-s reaction test on the Quick Board™ (The Quick Board, LLC, Memphis, TN) reaction timer. Prior to, and following each game, a pre-determined basketball shooting circuit was performed. The circuit required all subjects to shoot 5 balls from 6 different locations on the court. The total number of successful shots was recorded. The difference between the pregame and post-game shooting performance was calculated and analyzed. Body mass was determined 10 min prior to the warm-up and immediately following post-game data collection.
Statistical Analyses
Statistical software SPSS (version 17 for windows, Inc., Chicago, IL) was used for data analysis. Mean and standard deviation values were calculated for each variable. All performance data were analyzed using a one-way repeated measures analysis of variance. In the event of a significant F-ratio, post hoc comparisons using the Fisher's least square difference method was applied to determine pairwise differences. A criterion alpha level of P ≤ 0.05 was used to determine statistical significance.
Results
No significant difference (P = 0.396) in urine specific gravity was showed between trials. During the FS (first session), subjects lost 1.86 ± 0.42 kg, this was equivalent to a 2.7% loss of their body mass. This was significantly greater than that seen during any other experimental trial (Fig. 1) . Fluid intake was not significantly different between only water consumption, the first concentration of glutamine and the second concentration of glutamine (1.62 ± 0.37 L). FS (During the first session), W (Only water consumption), G1 (The first concentration of glutamine) and G2 (The second concentration of Glutamine) amounts are showed as mean. According to Fig. 1 , by increasing the glutamine doses, body mass increased too. The shooting percentage for the subjects that were under the first concentration of glutamine treatment was 14.6% and 12.6% more than the shooting percentage for the subjects that were under the first session treatment and water consumption treatment, respectively. There was significant difference between the treatments for the peak and mean vertical jump power at P < 0.01 (Fig. 2) . The results indicated that basketball players lose nearly 2.7% of their body mass during a game in which they do not rehydrate. According to the results, there were significant differences between the treatments and the second concentration of glutamine treatment had the most effect on the reaction time improvement at P < 0.01 in compare to the other treatments. Glutamine treatment both in the first and second doses had the significant and positive effect on the reaction time in compare to the two others treatments, so there was significant difference between treatments for the reaction time at P < 0.01 (Fig. 3) . The results showed positive and significant effect of glutamine treatment on the shooting ability percent, especially the second doses of glutamine had the most effect on the shooting ability percent in compare to the first doses of glutamine at P < 0.01. Also, the results showed water consumption treatment can increase shooting ability percent in compare to the normal condition ( Fig. 4 ).
Discussion
According to the Bassini-Cameron et al. [25] , consumption of glutamine prevents ammonium accumulation and glutamine can increase exercise tolerance and power. Researchers have shown that acute supplementation of a glutamine and maltodextrin combination two hours before exercise is more efficient in preventing anaerobic power decrease than the consumption of a pure carbohydrate or glutamine in repeated bouts of the RAST (Running Based Anaerobic Sprint Test) protocol. RAST was devised at the University of Wolverhampton in the UK, and involves six sprints over 35 meters with a 10 second recovery between each sprint, and provides measurements of peak power, average power and minimum power along with a fatigue index. glutamine improved the physical performance of athletes during repeated handball competitions [26] . Although the decreases in anaerobic power and field goal percentage had no significant difference, the results suggest that the combination of high intensity, moderate duration exercise, and fluid restriction might be detrimental to performance [27] . Glutamine supplementation managed to prevent a decrease of maximum and minimum power. It has been shown that ingestion of pure glutamine promoted muscle glycogen re-synthesis during recovery from exhaustive exercise [28] . Glutamine supplementation had significant and positive effects on the aerobic, anaerobic energy system and power performance of the handball players and also, caused to decrease the blood lactate under post-exercise condition [29] . Despite a significant loss of body fluid during FS, subjects were able to maintain jump power during the game, but basketball shooting performance was significantly impaired. The results showed that jump power is maintained following dehydration protocols that elicited a 2.5% and a 5.0% loss of body mass. Dehydration has been shown to impair basketball shooting performance in several studies [30] . The mechanism that may have contributed to a decrease in shooting percentage may be fatigue relating to the hydration stress. A recent investigation has indicated that moderate levels of dehydration (4% body mass loss) can result in significant alterations in afferent neural processing [31] .
Conclusion
The results indicated that the second concentration of glutamine treatment had the most effects on the studied trails and changed the trails amount significantly. The glutamine treatments had the more effects on the studied trails in compare to the other treatments. Increasing glutamine doses can also cause the significant effects on the trails. Although the finding from the current study were statistically significant and improved the overall knowledge of glutamine supplementation and basketball players, more studies comparing the consumption of different doses of glutamine under pre-and post-exercise are needed to determine the glutamine effects on the energy systems and improving power performance. Although the results were indicated the significant effects of glutamine on the studied parameters, this study should be performed on the different men and women sport groups and the results may vary depending on the sport type, doses of supplementation and other conditions that will be studied.
Practical Applications
The combination of a controlled undulating resistance training program with pre-and post-exercise glutamine supplementation had a significant impact on performance and body composition factors. The increasing of glutamine doses can be have more effect on the power improving but should be found the limit of the glutamine to prevent the negative effects.
